diameter vessels. Synthetic polymers including polyethylene terephthalate (PET) and expanded polytetrafluoroethylene (ePTFE) have been successfully used to replace vessels with a large diameter (ID ≥ 6 mm) under conditions such as low resistance and high blood flow. 5 However, synthetic grafts as small diameter transplants have not provided satisfactory clinical results due to early thrombosis and occlusion. In order to address the mentioned problems in producing vascular grafts, synthetic and natural polymer materials have been widely used that provide different results regarding the mechanical properties of used polymer. There are several review articles with different viewpoints about the artificial vascular grafts. The focus of this review was not exclusively the manufacture or clinical applications separately. It investigated manufacture and clinical applications simultaneous with in vivo and in vitro tests. This paper also exhibited some offers to resolve or reduce current vascular grafts' problems. In order to evaluate mechanical and clinical performance of synthetic vascular grafts, wide range of researches were reviewed.
History of Tissue Engineering
Tissue engineering is an interdisciplinary science that uses various sciences such as engineering, biology, biomaterials, bioengineering, engineering in medicine and medicine for rehabilitation, reconstruction and replacement of damaged tissues in the body. Tissue engineering phrase was invented for the first time in 1987 by Fong, advancing the science of biomechanics and bioengineering, and then introduced in 1987 by the National Science Foundation (NSF). 6 Afterwards, it has been upgraded with significant growth in various fields such as skin, bone, nerves, cartilage, heart, and blood vessels. 7 The main aim of tissue engineering is to produce porous scaffolds to form natural tissues similar to the body tissues. Hence, in order to achieve the aforementioned scaffolds, many researchers have tried and achieved desirable results in the field of growth and development of tissue engineering. Regarding increased cardiovascular diseases and failure of existing treatment methods, tissue engineering has been perceived by many scientists and thus a new orientation has been made towards producing vascular grafts; thereby, calling this study as a vascular tissue engineering study. This branch of tissue engineering can analyze and propose an approach to replace the cardiovascular vessels with synthetic blood vessels and improve graft blood vessel function.
A Review of Electrospinning By reducing polymer fiber's diameter from micron to nanometer, these kinds of fibers alert significant properties such as very high surface to volume ratio, flexibility and desirable mechanical properties compared to conventional fibers. The properties cause polymer nanofibers to be an appropriate option for many applications such as tissue engineering, drug delivery and so on ( Figure 1 ). 8 Fiber scaffold has been used in micro and nano size with a different structure and morphology to provide an appropriate place for the growth, adhesion, and migration of cell. To consider the importance of structure and morphology to make polymer nanofibers, there are several methods including: electrospinning, phase separation, extraction, templating and so forth. It is recognized that electrospinning is the best choice based on comparison. According to Table 1 , electrospinning as a comprehensive and flexible method is able to use a wide range of polymer materials. 9 The mentioned process as a statics-based method was observed for the first time in 1897 by Rayleigh and then the details were studied by Zeleny. Finally electrospinning was registered in 1934 by Formhals. 10 In the process of electrospinning, after dominance of the electric field (electrostatic forces) on the surface tension of loaded solution, a continuous jet of polymer solution is formed after evaporation of the solvent absorbed in the form of continuous fibers to the collector (electrode) (Figure 2 ). In this process, several parameters affect the structure and morphology of polymer fibers that are classified into environmental parameters (temperature, pressure, moisture etc.), the device (voltage, gap needle to collector, flow etc.) and polymer solution (solution concentration, solvent type, dielectric constant etc.).
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Polycaprolactone Vascular Scaffolds
The necessity of using polymer materials to make a vas- 12, 13 Common appropriate polymers for vascular grafts are divided into 2 natural and synthetic categories. Natural polymers usually are biocompatible, cheap and available, and in comparison with synthetic polymers have a structure that is appropriate for growth and cell adhesion and thus creating tissue. 14 The most important natural polymers are collagen, gelatin, chitosan, fibrin, and elastin. In contrast, there are synthetic polymers that are produced by different techniques and classified into 2 biodegradable and non-biodegradable groups. 15 In terms of undesirable mechanical properties, lack of flexibility of synthetic polymers, and besides, unavailability of natural polymers, are the main causes of attention to synthetic polymers in manufacturing vascular grafts. However, it should be noted that controlling molecular weight in synthetic polymers due to their chemical synthesis is easy and it can affect the physical properties including degradability. 14, 16 Although in the field of producing vascular scaffolds with a large diameter and low resistance, the use of non-degradable polymers like ePTFE and PET led to satisfying results but due to lack of proper dilation and short term durability in the body, the vascular scaffolds failed in the case of small-diameter vessels. 5, [17] [18] [19] In this regard, achieving a polymer that can lead to the manufacture of a small diameter vascular scaffold with biomechanical properties similar to normal vessels is a goal that a large number of researchers attempt to achieve. Many synthetic polymers in the area of production of vascular scaffolds have been studied and analyzed that are used individually or as a composite. Polyurethane (PU), polycaprolactone (PCL), PET, polyvinyl acetate (PVA), polyethylene oxide (PEO) etc, are the commonest polymers, among them PU, PCL, and PET have attained more successful and satisfying results in this field. PU as an elastic and biodegradable polymer can be successfully used in the realm of small-diameter scaffolds. 19, 20 PET also due to its good tensile strength is widely used to make synthetic scaffolds. 21, 22 PCL as a biodegradable and hydrophobic polymer with desirable physical and mechanical properties and high flexibility has also obtained a special position in tissue engineering applications ( Table 2 ). This semi crystalline polymer is taken into consideration due to its high solubility as well as combination with other polymers. 23, 24 Hence, according to the mentioned specifications as well as low speed of degradation and superior rheological properties of PCL compared to its counterparts, it is used as a suitable option for a wide range of mentioned applications and implants. 25 Among the applications of tissue engineering, vascular grafts are especially important. Synthetic vessels are tubes with different diameters which replace a part of natural vessels that are not able to perform well due to the diseases. Therefore, achieving a suitable technology to access synthetic vessels with beneficial mechanical properties and maximum compliance is one of the requirements of tissue engineering. To this end, researchers around the world are trying to achieve ways and materials based on nanotechnology and tissue engineering techniques to solve existing synthetic vessels' problems especially in the field of vessels with a small diameter and produce a scaffold with the most similarity to natural blood vessels. In this field, PCL polymer has been regarded for desirable mechanical properties and optimized biocompatibility that can easily convert to micro and nanofibers by electrospinning and form scaffold with approved shape. 27 Since tissue engineering suggests a unique method to overcome medical problems such as replacing damaged organ or tissue, compatibility of grafted vessels in the human and/ or animal body is the main goal in accomplished studies. Therefore, to achieve the mentioned goal, many studies have been conducted in different branches and cases such as mechanical and biological properties of polymeric scaffolds.
Morphology, Mechanical and Biological Properties of PCL Scaffold
As previously mentioned, every polymer that is used to replace and repair tissue needs to have mechanical and biological properties similar to natural vessels. These requirements in the production of synthetic blood vessels are considered as follows: Biocompatible, non-stimulator of the immune system, non-toxic, compliant in the range of natural blood vessels and strong to stand suture. Generally, in order to achieve synthetic blood vessels that could be considered as a desirable clinical product for tissue engineering, we should assess mechanical and biological properties, structure and morphology of scaffolds, and analyze the effect of various parameters on their reaction. PCL is a biocompatible polymer with long degeneration period that is one of the reasons of its selection to make different prostheses in tissue engineering. Many studies have been conducted in the field of single, composite, and even copolymer PCL scaffolds which indicate high potential of this polymer in the development of tissue engineering. In order to make PCL prostheses, many parameters such as mechanical properties, fiber morphology, cell adhesion, tissue regeneration and its compatibility with the body have been perceived.
The Structure and Morphology
The first step to verify the efficiency of scaffolds is to examine the structure and morphology. The most important structural properties of vascular scaffolds affecting tissue repair and cell infiltration are porosity, pore size as well as fiber diameter. The mentioned factors can bring about changing properties of synthetic blood vessels influenced by a wide range of operating parameters. One of the factors that can affect the mentioned properties is electrospinning conditions. Voltage, solution concentration, solvent type, collector to needle distance and solution flow rate can have a great effect on fiber's properties. One of the key features which influences the structure and then electrospinning scaffold properties is the average fiber diameter. Type of solvent as well as solution concentration heavily affect fiber diameter and thickness. For this reason, some scholars use different solvents for PCL to achieve fibers with diameters of nano and a unique structure. In this regard, Kanani and Bahrami 28 could examine the effect of solvent type as well as simultaneous effect of solvent, concentration, and voltage on fiber morphology using glacial acetic acid, acetic acid 90%, mixture of methylene chloride and dimethyl, formic acid as well as mixture of formic acid and acetone in different concentrations of 5%, 10%, 15%, and 20%. It was disclosed that in the concentration of 5%, solutions made of formic acid as well as mixture of formic acid and acetone, due to low viscosity after exiting the syringe and being placed in an electric field, not only produced no fiber but also remained in the form of droplets on the collector. However, using other solutions in this concentration resulted in beaded fiber production ( Figure 3) . Another important factor evaluated in this study was a change in the fiber diameter due to the increased applied voltage. For this purpose, by applying the voltages of 10, 15 and 20 kV, they observed increased fiber diameter (Figure 4 ). In addition, it was observed that increasing the solution concentration caused increased fiber diameter and also reduced number of beads after deformation from spherical to fusiform ( Figure 5 ). In this regard, other studies have been conducted on the solvents of acetone and mixture of acetic acid and triethylamine to make synthetic PCL in different concentrations, and check its effect on the morphology and structure of nanofibers. After reviewing the results, it was found that optimized concentrations to make uniform fibers for acetone and mixture of acetic acid and triethylamine, were 17% and 11% of the weight, respectively. 29 Another common solvent for PCL is chloroform. Van der Schueren et al used chloroform and mixture of acetic acid and formic acid as solvent and after comparing the results, they observed that the fibers' diameter for the mixture solvent system was ten times smaller than the case in which the chloroform was used. 30 The main reason of changed fiber average diameter can be attributed to the difference in solvent dielectric constant (Table 3) , as the solvent properties strongly affect the morphology of the fibers. In this regard, Lee et al examined the effects of solvents of methylene chloride, a mixture of methylene chloride and dimethylformamide as well as a mixture of methylene chloride and toluene, and found that the fiber average diameter of methylene chloride was about 5500 nm, and for a mixture of methylene chloride and dimethylformamide was equal to 200 nm. However, according to high viscosity and low conductivity coefficient in a mixture of methylene chloride and toluene, the formation of fibers by electrospinning was problematic. In addition to these results, it was reported that using DMF solvent was successful due to its high dielectric constant. 31 With a plurality of investigations done by researchers about solvent types in PCL electrospinning, it was announced that fiber diameter was strongly dependent on the solution concentration or amount of PCL ( Figure 6 and Table 4) . 28, 30, 32 By changing the fiber's diameter, porosity and pore size were also changed. Scaffolds with larger diameter has higher porosity and larger pore size. 34 Wang et al following a study on thicker fibers with high porosity of PCL concluded that by increasing the fiber diameter, pore size would also increase and cells can easily infiltrate into the scaffold. This is opposite the fact that in the thin fibers only surface cell growth was observed.
35 Table 5 summarizes the PCL electrospun fiber morphology as well as relation among the type of solvent, concentration, and the average fiber diameter. According to this table, using a blend of formic acid and acetone in the concentration 10% leads to the production of very thin fiber with some beads.
Mechanical Properties PCL scaffolds have acceptable mechanical properties in the range of natural vessels. The most important properties are tensile stress, tensile strain, compliance, burst pressure, strength and suture retention. One of the most important mechanical properties to appraise the resistance of vascular grafts against the fluctuations in blood pressure is burst pressure. In a study done by Drilling et al in 2007, important mechanical properties such as burst pressure, suture retention strength, and tensile strength of electrospinning scaffolds of PCL were examined and compared with proportional values in the natural vessels. In this study, the researchers showed that the amount of pressure significantly depended on the concentration of the solution. Therefore, they reported a moderate amount for this parameter equal to 4000 mm Hg, and by comparing the value of the parameter in natural vessels (2000 mm Hg) showed that the mechanical properties of PCL fibers were compatible with those of natural vessels. 36 According to the presented results, it can be concluded that by increasing the concentration, desirable mechanical properties such as tensile and stress can be achieved. However, in order to improve and modify PCL biomechanical properties, another group of researchers used thermal treatment method and did thermal operations at temperatures of 54 to 55°C, and observed that tensile, burst pressure, and suture retention significantly increased. 37 Biological Properties and Clinical Applications Although the mechanical properties of the artificial blood vessels and their similarity to natural vessels is a major step, the effect of biological conditions on the vessel cannot be overlooked. The final goal of producing vascular grafts is to measure the adhesion and infiltration of cells to form a new tissue. Thus vascular grafts should become a natural tissue after being replaced in the body and have a performance similar to natural vessels. One of the factors in this context is to examine the adhesion, infiltration, and diffusion of cells on the scaffold for the formation of new tissue.
Adhesion and Spreading of Cells
Fiber's hydrophilic property plays a crucial role in the growth, proliferation, and infiltration of cells. Then the formation of new tissue should be considered. This property is obtained by measuring the ratio of contact angle of water droplets to scaffold surface ( Figure 7 ). Due to the hydrophilic nature of PCL, vascular grafts made of this polymer may fail to absorb and infiltrate cells. In order to improve this undesirable property and increase its hydrophilic property and finally improve the adhesion and migration of cells on the scaffold, researchers are seeking the methods to solve the problem. The general methods used for producing scaffold can be combined with simultaneous use of hydrophilic polymers (natural/synthetic) to modulate the properties of the scaffold, cover the scaffold with other active substances and use methods of surface modification including plasma and alkaline hydrolysis (Table 6 ). Alkaline hydrolysis is one of the methods in which an appropriate environment is made for the growth and proliferation of cells to modify the hydrophobic surface of PCL by placing scaffold in alkaline solution (NAOH). 38 In a study, the adhesion effect of keratinocytes and fibroblasts on the surface of modified electrospun PCL with alkaline hydrolysis was studied and compared with PU scaffold and different natural polymers. According to the results of this study, in addition to the great effect of cells' adhesion and influence of the modified scaffold in comparison with unmodified samples, small changes were observed in the cell adhesion to other polymer scaffolds. 39 As previ-
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Water drop a Figure 7 . Water Contact Angle. Table 6 . Effect of Different Surface Treatment Methods on Cell Attachment ously mentioned, plasma surface modification method is a functional method to increase the hydrophilic property of PCL. To improve their previous studies in the field of vascular scaffolds of PCL, 27, 34 de Valence et al used plasma method to modify the surface of scaffold and implanted the scaffolds with the length of 1 cm and a diameter of 2 mm in a mice body for 3 weeks. However, the results showed fixed diameter after 3 weeks, and mechanical properties of fibers after applying plasma method, the scaffold hydrophilic property, and muscle cells absorption were increased acceptably. While, signs of obstruction were seen on modified scaffold after the given period. But unmodified scaffold had acceptable patency. 40 In this regard, after producing PCL porous hollow membrane, in order to provide an appropriate substrate to increase cells' growth and form new tissue, Hadjizadeh and Mohebbi-Kalhori also used plasma to modify the surface and human umbilical endothelial cells and fibroblast cells to evaluate the adhesion of the above cells. By observing an increase in this amount after plasma, they found that using this type of scaffold can be effective on improving the tissue engineering. 41 Fibrin as a natural polymer has further helped in improving the PCL scaffold. To achieve arranged PCL fibers, Zhou et al began the electrospinning of different concentrations of the polymer solution. In order to achieve arranged and uniform fibers, the collector with the speed of 700 rpm was used and then electrospun fibers were covered with fibrin. After reviewing the results of the cell culture, it was found that cells were in line with arranged fibers covered with fibrin and this caused more cells' proliferation and diffusion. 42 Another research was conducted in order to increase the material bulk absorption by creating surface channels on the electrospun PCL scaffold via laser. Different frequencies caused channel creation and cavities on the scaffold and thus by surface modification, hydrophilic property was somewhat increased. 43, 44 Another factor that affects cell infiltration is vascular scaffolds' wall thickness. For this purpose, a team of researchers after electrospinning the PCL microfibers, began spinning PCL nanofiber on previous scaffolds and by increasing the electrospinning time, found different thicknesses. According to the thickness of nanofiber layer increased over time, they found that growth and spread of cells on the surface of vascular scaffolds was increased but their infiltration was reduced. 45 Endothelium is a thin layer of cells that covers the inner layer of blood vessels. The formation of this layer in blood vessels prevents blood from coagulation. Since one of the problems related to grafted ePTEF and PET synthetic vessels is obstruction after a short time, 46 many studies have been conducted to solve the problem. In this regard, Serrano et al. examined the effect of cultured muscle cells as well as endothelial cells on modified PCL films by alkaline hydrolysis and evaluated the behavior of these 2 cell types as a pilot study to develop vascular graft and found that alkaline hydrolysis increased the orientation and expansion of both cell types on the surface of the film. 38 In order to increase the formation of endothelial cells as well as to prevent hyperplasia in small-diameter vessels, controlling the patency is essential. For this purpose, studies have been carried out on the electrospinning of a mixture of PCL and CGA peptides with great tendency for the growth of endothelial cells, and the factors affecting the formation of endothelial cells were examined. The results indicated high capability of CGA to accelerate the formation of endothelial layer. 47 In order to coat PCL vascular scaffolds, a group of researchers used arginine-glycine-aspartic acid (RGD) to coat the scaffold and then replaced an equal number of modified prostheses and unmodified prostheses for 2 and 4 weeks within the rabbits' carotid artery. Their results showed that in addition to an increase in the amount of endothelial cells, it was observed that all modified prostheses had patency, while 4 of 10 unmodified prostheses had thrombosis. Moreover, according to the results of scanning electron microscope (SEM) images, adhesion of a large number of platelets attracted researchers' attention. Therefore, they observed that the use of RGD as a surface coating for PCL fibers caused rapid cell growth and infiltration and hence less accumulation of blood platelets at the local level and further patency. 48 Ku and Park also coated 700 nm fibers of PCL with polydopamine (PDA) and gelatin, then used umbilical endothelial cells for cell culture test to compare water contact angle with the surface of scaffold and thus the rate of increasing the hydrophilic property of fibers. The results showed that the use of PDA had a desirable effect on PCL scaffold and improved fibers' surface in order to accept endothelial cells. 49 In this regard, for endothelial cells' infiltration and increasing the compatibility, a number of researchers put modified PCL scaffold in gelatin solution for 24 hours and found the cells orientation successfully. 50 Heparinized vascular graft is another method to reduce blood coagulation and fiber's morphology study. For this reason, by adding a certain amount of heparin to PCL solution and spinning this mixture, many researchers could examine fibers' morphology, surface resistance, and blood coagulation, and observe an increase in cell proliferation. They also reported a direct relation between heparin concentration and PCL fibers' diameter, because of increasing solution electrical charge due to an increase in heparin. 51, 52 In a comparison between PCL and ePTFE prostheses with a diameter of 2 mm, the patency of PCL and ePTFE was 100% and 67%, respectively. Moreover, the compliance of PCL prosthesis in a certain pressure was significantly more than that of ePTFE prosthesis. Hence PCL, as previously predicted, can show better capabilities in the field of small-diameter vascular grafts. 53 This result was seen in the replacement and implantation of electrospun 15 wt% PCL as vascular prostheses. 27 In another study, by changing and optimizing electrospinning conditions and polymer solution with PCL concentration of 12% in solvents' mixture of chloroform and ethanol (7:3), vascular prostheses were produced with diameters of 2 and 4 mm that showed acceptable patency and mechanical properties. 32 To examine clinical applications of individual prostheses, de Valence et al managed the porosity and fiber diameter by changing the electrospinning conditions such as solution concentration, voltage and flow rate, in order to manufacture a vascular graft with a diameter of 2 mm and a porous layer in different arrangements. After testing cell's growth and infiltration on prostheses' surface, they found that a low-porous layer as a vessel external layer, due to its small pore size, had poor cell diffusion and infiltration. They also carried out several in vivo tests and observed a successful implantation with good patency, no blood leakage during the surgery, and absence of thrombosis. 34 In another study conducted by the same researchers, vascular degradability in the body was investigated at short time intervals. For this purpose, a PCL scaffold with a diameter of 2 mm was implanted by abdominal aorta in a male mouse at intervals of 1.5, 3, 6, 12, and 18 months. No thrombosis, patency and limited hyperplasia were observed as results. Furthermore, they found increased cell attachment during the first 6 months, but decreased cell number during 12 and 18 months. 27 Composite Scaffolds and Evaluation of Clinical Application It is obvious that a polymer material cannot independently meet all functional needs of a scaffold for an optimized application in tissue engineering. Most of synthetic and natural polymers are hydrophobic, with different properties. Since an ideal vascular graft should have properties akin to natural vessels, in order to optimize the synthetic scaffold, a combination of two or more synthetic or natural polymers can be used. One of the composite prostheses considered in recent years is natural polymer of collagen composite with synthetic polymer of PCL. The morphology of electrospun composite fibers as well as cell's infiltration on the surface were measured and evaluated in comparison to single PCL prostheses. [54] [55] [56] [57] In this regard, Tillman et al succeeded to electrospin a composite vascular graft containing PCL and collagen with a diameter of 4.75 mm. Some important factors such as cell growth and infiltration and tolerating physiological conditions were checked by implanting the scaffold in rabbit aortic bypass. This composite scaffold in addition to good performance regarding the acceptance and growth of endothelial and muscle cells, also had a good patency. by comparing the tensile strength of scaffold with the natural vessels, they found that the tensile strength of scaffold was reduced a little after a month, though comparable to natural vessels. 58 Regarding good effect of composites, another group of researchers in 2011 examined the effect of composite vascular scaffolds of PCL and elastin (diameter 2.8) in the rabbit's body. They cut a piece of carotid and replaced composite scaffold in the animal's body for a month. No leakage of blood during surgery, suturing as well as physical properties were observed compared to previous implantation. 59 Another natural polymer that is used in combination with PCL is chitosan. In order to achieve optimum fiber structure and morphology, it has been examined in numerous studies. In this regard, Hong and Kim achieved acceptable results in biomechanical properties, by layer and simultaneous spinning of PCL and chitosan. They reported an increased ratio for Young's modulus parameters and cell proliferation (75% and 25%, respectively) and introduced chitosan as an excellent choice for various applications in tissue engineering. 60 Another composition is a combination of 2 synthetic polymers of PCL and PU. In a study which was conducted based on a sample of this compound, PCL fibers were prepared by wet spinning method and then PU fibers were produced as a layer through electrospinning to examine cell infiltration and endothelial layer formation. After cell culture experiment and reviewing the results, adhesion and rapid formation of endothelial layer were observed. 61 Therefore, the use of elastic PU polymer can also be useful for improving PCL properties. Based on this result, by electrospinning of a combination of 2 polymers of PU and PCL for making vascular scaffolds and measuring mechanical and hydrophilic properties, Nguyen et al reported acceptable results. They also used cultured fibroblast cells and endothelial cells of bovine pulmonary artery on the surface of the composite vascular graft and observed that use of this type of scaffold would increase the proliferation of cells. 62 Studies on some other polymeric compositions have investigated the effect of polymers on the PCL. In an experiment conducted on 3-layer scaffold, researchers used different combinations of 3 polymers of PCL, elastin, and collagen and made a 3-layer scaffold with a diameter of 2 mm, similar to the body's natural vessels, and tested its similarity to natural vessels. To this end, for each of the three layers, different percentages of the mentioned polymer were used. The amount of stress and compliance were measured and reported in the range of natural vessels. 63 Composite scaffold morphology and implanted grafts are presented in Tables 7 and 8 , respectively.
Conclusion
Regarding acceptable biomechanical properties of PCL in comparison to other synthetic polymers, and great records on various applications of tissue engineering as well as the necessity and importance of using vascular scaffolds, the synthetic blood vessels and their influencing factors have been studied to improve biomechanical properties and clinical performance. By reviewing the research conducted in the area of clinical applications of PCL synthetic Table 7 . The Morphology of Composite Scaffolds vessels and comparing them, important parameters such as electrospinning conditions, specifications of polymer solution (concentration, solvent type, solvent ratio, etc.), and surface modification techniques have been declared and their effect on the structure and morphology of the fibers as well as development and infiltration of cells and thus new tissue formation were compared. The results can be briefly described as follows:
• In order to optimize mechanical and biological properties of vascular scaffolds, we can either change the parameters of electrospinning, the solution conditions, or both. By comparing the effects deduced from changes in the mentioned parameters, it is understood that changing the solution concentration as well as the type of solvent is more important than changing the electrospinning conditions. Because it further affects the morphology and structure of the PCL fibers.
• To access uniform and bead free fibers, high concentrations of this polymer could be used in the solution.
• In comparison of the solvents, it was found that chloroform, acetic acid, methylene chloride, and acetone are efficient solvents for PCL, and solvents such as DMF, ethanol, methanol, and water are used to increase the conductivity and dielectric coefficient of the solution and reduce the volatility of other solvents. The SEM images as results also indicate larger fiber diameter using chloroform as a solvent.
• Using a combination of PCL polymers and other polymers (natural or synthetic) to manufacture a composite scaffold, we may achieve further improved and modified desirable mechanical and physical
properties. Natural polymers of collagen and chitosan as well as PU synthetic polymer are the ones that have provided good results in improving PCL scaffold.
• For increasing PCL hydrophilic property and thus further cell adhesion on its surface, methods such as alkaline hydrolysis, plasma, scaffold coating with activated substances such as PDA and/or created scratches on the scaffolds by laser could be employed.
• By adding heparin to the PCL solution and/or using vascular scaffolds immersed in a solution of heparin, biological properties of single and composite PCL scaffolds can be improved in the body and disorders such as thrombosis, aneurysm and intimal hyperplasia can be reduced.
• Based on implanted PCL grafts (single and composite), some results like no blood leakage during the surgery, good patency, endothelial layer formation and no thrombosis were observed by researchers. In conclusion, considering the above results, it can be stated that PCL is a widely used polymer that can satisfy many requirements in tissue engineering including vascular scaffolds. Using the results of studies carried out in this field as well as considering some of the desirable and undesirable properties of the polymer and increased scaffold durability time in the body, we can take effective steps on improving their clinical applications in the future. One of the most effective strategies in this regard can be the use of a combination of PCL and biocompatible materials or polymers. Therefore, a careful examination of these strategies and finding materials that have the greatest compatibility with the polymer can increase the patients and physicians' satisfaction and thus render the progress and development of tissue engineering science.
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